Background: Using smartphone technology and text messaging for health is a growing field. This type of technology is well integrated into the lives of young adults. However, few studies have tested the effect of this type of technology to promote weight loss in young adults Objective: The purpose of this study is to test the effectiveness of a behaviorally based smartphone application for weight loss combined with text messaging from a health coach on weight, body mass index (BMI), and waist circumference in young adults as compared with a control condition. Methods: Sixty-two young adults, aged 18 to 25 years, were randomized to receive (1) a smartphone application + health coach intervention and counseling sessions or (2) control condition with a counseling session. All outcome measures were tested at baseline and 3 months. These included weight, BMI, waist circumference, dietary habits, physical activity habits, and self-efficacy for healthy eating and physical activity. Results: The sample was 71% female and 39% white, with an average age of 20 years and average BMI of 28.5 kg/m
O verweight and obesity are major public health concerns in the United States. According to data published in 2014 by the National Health and Nutrition Examination Survey, more than one-half of US adults (60.3%) aged 20 to 39 years are overweight or obese with a body mass index (BMI) of 25 kg/m 2 or greater. 1 Weight gain is specifically a concern in collegeaged individuals. Although the common theory that college freshman gain 15 lb has been disproven on most accounts, 2 studies have shown that many students do in fact gain weight. 3, 4 A survey conducted in 2014 by the American College Health Association reported that more than 34% of undergraduate students are overweight or obese, and this number increases to 40% when surveying graduate students. 5 Being overweight greatly increases one's risk for stroke, heart disease, type 2 diabetes, and some forms of cancer. 6 Therefore, interventions to combat weight gain during these years are needed for healthy outcomes later in life.
The behaviors of college-aged individuals put them at risk for weight gain. Specifically, poor eating habits, decreased physical activity, decreased fruit and vegetable consumption, and increased alcohol consumption all contribute to weight gain. 7, 8 The American College Health Association reports that 65% of students consume less than 2 servings of fruit/vegetables combined per day and that more than 50% of students report consuming alcohol in the past 9 days. 5 Of those consuming alcohol, 24% of students reported having 7 or more drinks the last time they drank. 5 Technology is well integrated into the lives of young adults. Currently, 85% of young adults, aged 18 to 29 years, own a smartphone. Among those young adults owning a smartphone, 100% use their smartphone to send and receive text messages. 9 In addition, 77% of young adults have used their smartphone to look up health information. 9 A recent focus group study conducted by the first author identified that young adults are interested in using smartphone technology for weight loss; however, they know very little about the availability of different applications to assist with weight loss. 10 Interventions for weight loss in this population have proven to be successful using various strategies. One study used technology and showed greater weight loss in a group that received a social networking site and text messages (j2.4 kg) compared with a social networking site alone (j0.63 kg). 11 Another study using the Internet reported increased fruit and vegetable consumption, although no differences in weight were noted. 12 Smartphone technology can provide many tools to help one lose weight. However, there is limited knowledge on the use of smartphone technology for weight loss in young adults. Therefore, the purpose of this study is to test the effectiveness of a behaviorally based smartphone application combined with text messaging from a health coach on weight, BMI, and waist circumference in young adults as compared with a control condition.
Methods
The Young Adult Weight Loss Study was a randomized, controlled trial in which participants were randomly assigned to intervention or control. Assessments were completed at baseline and 3 months between 2014 and 2015. All participants provided informed written consent at baseline. The protocol was approved by the Johns Hopkins University Institutional Review Board. Study data were collected via paper/pencil questionnaires and a Web-based program for dietary recall. The Research Electronic Data Capture (REDCap), a secure, Web-based application, was used to store data.
Setting and Participants
Participants were recruited in and around the Johns Hopkins University campuses using many strategies including posters/flyers, Facebook, e-mail announcements, and word of mouth. Individuals between 18 and 25 years of age with a BMI between 25 and 40 kg/m 2 who owned an iPhone or Android phone were eligible to participate. Participants were not required to be a college undergraduate or graduate student. Interested individuals contacted the primary investigator to set up a telephone screening; if the individual qualified, they were asked to set up a baseline visit. Participants were excluded if they were currently participating in another structured weight loss program, were taking weight loss medications, were diagnosed with type I diabetes, or were currently pregnant or planning to become pregnant in the next 3 months. Individuals were also excluded if they currently exercised more than 150 min/wk at moderate intensity or have had symptoms of disordered eating in the previous 6 months. Symptoms of disordered eating were defined as answering yes to any question assessing binging/purging, laxative/diet pill use, and treatment for an eating disorder from the Eating Attitudes Test-26 (EAT-26) questionnaire. 13 Randomization to smartphone + health coach or control by blocks of 4 occurred after data were collected at the baseline visit. All participants received a $25 gift card for participation.
Outcome Measures
Data on the outcome measures were collected on all participants at baseline and 3 months. Body weight was measured using the Tanita BS-549 scale with the participant in light clothing. Height was measured using a wall stick measurement. Body mass index was then calculated using weight in kilograms/height in meters squared. Waist circumference was measured twice and then averaged according to the obesity guidelines.
14 Physical activity was evaluated with the Godin Leisure-Time Exercise Questionnaire. The survey is self-administered and assesses strenuous, moderate, and mild activity over a 7-day period. 15 This survey method has been proven to be both valid and reliable in adults, with test-retest scores ranging from 0.74 to 0.81. 16 Nutrition data were collected using the National Cancer Institute's Automated Self-Administered 24-hour Recall (ASA-24) . The ASA-24 is a Web-based, ASA 24-hour recall of foods and was filled out on the participant's computer. The ASA-24 provides analysis on calories, nutrients, and food group estimates. 17 It has been proven to be valid in an adult population, with the ASA-24 performing very close (87% matching) to standardized interviewer-administered 24-hour food recalls. 17 Information obtained from the ASA-24 included caloric intake, food pyramid equivalents, and nutrients from all foods reported according to the Food and Nutrient Database for Dietary Studies. 17 Self-efficacy for healthy eating and exercise were evaluated with 2 questionnaires. Both of the self-efficacy scales were self-administered by the participant. The SelfEfficacy for Healthy Eating is a 13-item questionnaire that explores a person's belief in their ability to make better food choices in given situations. A reliability coefficient of 0.87 indicated high internal consistency on the scale tested in a group of adults, ages 19 to 64 years. 18 Self-efficacy for physical activity was assessed using a 14-item questionnaire called the Self-Efficacy for Exercise Scale. This questionnaire assesses individuals' belief in their ability to exercise in given situations. This scale was determined to be reliable and valid in a population of adults, with an internal consistency of 0.90 and a testretest correlation of 0.67. 19 
Interventions
The behavioral intervention was based on selfefficacy theory, a construct of social cognitive theory, which was used in our previous pilot study that focused on smartphone applications for weight loss in adults. 20 The self-efficacy theory states that there are 4 ways to increase one's self-efficacy: mastery experience, social modeling, social support, and verbal persuasion. 21 These 4 mechanisms were built into the intervention, which focused on increasing the participant's self-efficacy to achieve better health outcomes related to weight loss. The goals for both groups were to lose 1 to 2 lb per week and increase participation in physical activity. Participants were encouraged to exercise at least 150 minutes per week at moderate intensity, which would meet the Physical Activity Guidelines for Americans. 22 Both groups received a 1-time counseling session before randomization. This was a 20-minute session that discussed healthy eating, limiting alcohol and sugar-sweetened beverages, and increasing physical activity. After this session, participants were randomized to 1 of 2 groups, control or smartphone + health coach (intervention) for the 3-month study period.
Smartphone + Health Coach Group
Participants in this group were given an additional 30-to-40-minute counseling session on energy balance, nutrient density of foods, sugar-sweetened beverage consumption, and physical activity; therefore, they had 2 sessions total during their baseline visit. Participants were encouraged to identify specific goals that their health coach could help them achieve.
Participants were also guided to download and use the Lose it! application. This application is a free, commercially available smartphone application that is focused on nutrition and physical activity self-monitoring. Participants were encouraged to log all food and exercise into the daily log in the application. They were instructed to follow the caloric budget set by the application using the Mifflin equation. The application also offered social networking through a ''friend'' feature, which allowed individuals to view peer weight loss and physical activity participation and also allowed the interaction between peers. Participants were encouraged to use this feature.
Individualized text messages were delivered to the participant's smartphone from a health coach. The participants were asked to not text their health coach back. Based on data from a focus group study conducted by the first author, the participants could choose any frequency of messages they wanted to receive from a health coach, anywhere from 1 time per week up to 3 times per day. 9 The smartphone application provided the health coach with the ability to monitor and track all participant progress on a real-time basis and text messages focused on current diet or physical activity status (see Table 1 ). Texts were sent from the health coach's cell phone at the specified time and frequency of the participant.
Control Group
The control group was asked to not use any smartphone applications focused on weight loss for the duration of the study. They received the Lose It! application with a training session at their 3-month visit.
Statistical Analysis
The study was powered to detect statistically significant differences in weight loss between the 2 groups. Using an effect size of 0.8, calculated from a similar study, 10 an ! of 0.05, and a power of 80%, the sample size was determined to be 51. The sample size was increased by 15% to allow for attrition, to give a total sample size of 60, or 30 per group. Group differences in baseline sociodemographic and anthropometric characteristics were examined using Wilcoxon rank-sum tests and # 2 or Fisher exact tests. The primary outcomes were changes from baseline to 3 months in weight in kilograms, BMI, and waist circumference in centimeters. Secondary outcomes were changes in diet, physical activity, and self-efficacy for diet and physical activity. A completers analysis was performed using generalized linear models, which were used to test for group differences, time effects, and interactions between group*time. All statistical analyses were done using Statistical Analysis System (SAS).
Results

Baseline Characteristics
Baseline characteristics of participants by group are shown in Table 2 . Of the 62 participants enrolled, 71% were female, 33.8% were Asian, and 12.9% were African American. The overall median age was 20.0 . Although the sample included both nonYcollege and college students, only 10% of study participants were not current undergraduate or graduate students. There were no significant differences in baseline characteristics between the 2 groups.
Recruitment and Retention
The Figure is the CONSORT diagram reporting the participant flow through the study. We assessed 87 individuals for eligibility.
A total of 66 individuals met the criteria to participate. Of those, 4 (6%) declined to participate. The primary reason for refusal was lack of interest in participating in a study for 3 months. A total of 62 individuals were randomized to 1 of the 2 groups, which represented 71% of those who originally expressed interest in participating.
Fifty-nine (95%) returned at 3 months for follow-up measurements. Retention rates were similar in the 2 groups, 97% in the control group and 94% in the intervention group. 
FIGURE. Study flow diagram.
Weight, Body Mass Index, and Wait Circumference
Changes from baseline to 3 months can be found in Table 3 . The control group gained a slight amount of weight (0.3 kg) from baseline to 3 months, whereas participants in the smartphone + health coach group lost a significant amount (j1.8 kg, P < .01); the difference in weight change between groups was statistically significant (P = .026). The smartphone group also had a significant decrease in BMI (P < .01) and waist circumference (P < .01). The differences in BMI and waist circumference changes between groups were also statistically significant (P = .024 for BMI, P < .01 for waist circumference). Seven (24%) participants in the smartphone group who completed the study lost enough weight to change their weight status; 5 (17%) moved into the normal weight category and 2 (7%) went from the obese category to overweight.
Self-reported Behaviors
Changes in self-reported behaviors can also be found in Table 3 . The smartphone + health coach group improved significantly in healthy eating self-efficacy (P = .032). They also improved in overall physical activity performed (P < .01); however, the differences were not significant when compared with the control group. Although both groups showed improvement in self-efficacy for physical activity, neither change was statistically significant. A comparison of degree of change between groups was also performed (group Â time interaction with all subjects) adjusting for selfefficacy for healthy eating and exercise. When adjusting for self-efficacy for healthy eating, the data show that it is a slight mediator for change in weight with a P value shifting from P = .026 for nonadjusted to P = .052 when adjusted. Tests were also run for BMI and waist circumference, but there was no shift in P value, suggesting that self-efficacy for healthy eating does not entirely account for the treatment group effect. A total of 37 (63%) participants completed the diet questionnaire at follow-up, 22 (73%) control and 15 (52%) smartphone + health coach. Table 4 displays the results from the ASA-24. The smartphone group consumed significantly more fiber than the control group did at follow-up (P = .049). There were no additional significant differences between the 2 groups at follow-up. However, participants in the smartphone group consumed slightly more protein, more vegetables, more fruit, fewer total carbohydrates, and fewer added sugars than did participants in the control arm.
Application Use and Text Messaging
The number of text messages sent varied from 1 per day to 3 times per day. No participants requested less than 1 message per day. Overall, 22 (71%) participants requested 3 messages per day, 4 (13%) requested 2 per day, and 5 (16%) requested 1 per day. All text messages were delivered to participants successfully; no error messages were received and all messages were labeled as delivered. Also, no issues were reported by participants.
All participants assigned to the smartphone group logged exercise and diet. Over the 3-month period, 6 (21%) participants logged exercise on more than 50% of days and 18 (62%) logged diet on more than 50% of days. Of those participants who logged on Variables summarized as median (range) and compared from pre-post using Wilcoxon rank-sum test; between-group interaction tested using repeated-measures analysis of variance. Abbreviation: BMI, body mass index. more than 50% of days, 3 (50%) logged physical activity on more than 75% of days and 7 (38%) logged diet on more than 75% of days. Table 5 displays the significant relationship between number of physical activity days logged and weight loss (0.03 kg weight loss per additional day of physical activity [PA] logging; P = .026). The 6 participants who logged PA more than 50% of the time lost 1.57 kg more than those who did not. When the threshold was reduced to 25% days logged, the 9 participants logging PA 25% or more of the time lost 1.43 kg more than those logging PA less than 25% of the time. The same directional trends were observed with increased logging frequency for food as well, but these were not significant (P = .226), possibly because of overall good compliance with food logging.
Discussion
To date, to the authors' knowledge, this is the first trial focused on young adults that used both individualized text messages and a smartphone application for weight loss. This trial showed that the use of a smartphone application combined with individualized text messages is successful in helping individuals to lose weight. Individuals in the smartphone group lost significantly more weight, had a significant decrease in BMI, and significantly decreased their waist circumference compared with the control group. However, many individuals did not meet the recommended goal in the study to lose 1 to 2 lb per week. The mean weight loss in the smartphone + health coach group was 4 lb over the 3-month trial. These results are promising when examining other similar research. Although studies using technology or text messaging have seen improvements in weight, many did not report any significant improvements when compared with a control condition. 23, 24 It is possible that the combination of a smartphone application with text messaging led to significant improvements in body weight in this group of young adults.
It is noteworthy that self-efficacy increased significantly for healthy eating (P = .03) in the smartphone + health coach group and both groups experienced an increase in self-efficacy for exercise, although this was not significant. It is possible that there were differences in self-efficacy between men and women or based on racial category in this study; however, these differences were not tested. Recent studies conducted in collegeaged individuals reported implications for testing the differences in self-efficacy between men and women and also indicate possible racial differences in self-efficacy for improving certain health behaviors. A study published in 2015 by Bruce et al 25 reported significantly lower self-efficacy for changing sugar-sweetened beverage consumption in African American college men compared with white college men. In addition, a study examining Expected weight change for more than 50% logging versus less than 50% logging.
Korean college students reported that self-efficacy for physical activity is a significant predictor of physical activity in Korean men but not in Korean women. 26 Future studies should include analyses on differences in self-efficacy but should also examine other components of social cognitive theory, such as social support or outcome expectations, which are known predictors of behaviors. 21 An increase in logging into the smartphone application for both physical activity and diet led to better outcomes with weight loss. It is therefore important that accountability be a focus in future interventions. Accountability in this study was exhibited through the behavior of logging into an application; however, accountability could be achieved many different ways in upcoming trials. In trials that use technology, increasing compliance and accountability with smartphone logging could be achieved through a counselor stressing the importance of logging during a session or more frequent reminders could be sent to participant phones.
There are several strengths to note in this study. Strengths of the study include the randomized design powered to detect significant differences between groups, use of a commercially available smartphone application, and an attrition rate of only 5%. In addition, the study population was diverse: 38 (62%) participants were from a minority group and 21 (33%) identified as Asian and 8 (13%) identified as African American.
Study limitations include the small sample size and limited generalizability of the study population in that most were attending college at a single university on the east coast. Also, the study was of short duration (3 months) with no extended follow-up. Finally, it cannot be determined whether differences between groups were a result of the health coach text messaging or the smartphone application.
Conclusion
This randomized controlled trial using a smartphone application for weight loss combined with individualized text messages has provided valuable information that the combination of self-monitoring via an application and feedback from a health coach is successful in helping young adults lose weight. The study had a meaningful impact on weight, BMI, and waist circumference. In future trials, a sample that includes equal amounts of individuals attending college and those not attending college could strengthen the generalizability of the results. Smartphone technology seems to be an appropriate resource to use when working with the young adult population and it has the potential to greatly impact the serious public health problem of obesity.
